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(57) ABSTRACT

An apparel 1s disclosed. The apparel comprises a base layer,
at least one electrode layer arranged on the base layer either
directly or through at least one intermediate layer. The at
least one electrode layer 1s made at least partly of a con-
ductive material. The apparel further comprises a flocked
fiber layer comprising conductive fiber particles arranged on
the at least one electrode layer through flocking.

13 Claims, 3 Drawing Sheets
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1
EXERCISE APPAREL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority based on Finnish Appli-

cation No. 20115759, filed Jul. 19, 2011, which 1s incorpo-
rated herein by reference 1n 1ts entirety.

BACKGROUND

1. Field

The invention relates to the field of sports activities and,
particularly, to apparels for use 1n such activities.

2. Description of the Related Art

Exercise characteristics, such as exercise intensity, can be
measured by detecting muscle-generated bioelectric signals
on the human skin during an exercise. Examples of bioelec-
tric signals are electrocardiogram ECG (heart) and electro-
myogram EMG (muscles in general). Bioelectric signals
may be non-invasively detected with skin electrodes which
are placed on the skin and attached to detection electronics.
The skin electrodes may be mounted on apparel, ¢.g. a strap
attached around the body of a user or a shirt worn by the
user.

SUMMARY

According to an aspect of the present invention, there 1s
provided an apparel comprising: a base layer; at least one

clectrode layer arranged on the base layer either directly or
through at least one intermediate layer, the at least one
clectrode layer being made at least partly of a conductive
matenal; and a flocked fibre layer comprising conductive
fibre particles arranged on the at least one electrode layer
through flocking.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are described
below, by way of example only, with reference to the
accompanying drawings, in which

FIGS. 1 to 3 illustrate an apparel to which embodiments
of the mvention may be applied;

FIGS. 4 and 5 1illustrate embodiments of a layered struc-
ture of the apparel according to some embodiments of the
invention;

FIG. 6 1llustrates another embodiment of the layered
structure; and

FIGS. 7 to 10 1illustrate some embodiments of a flocked
fibre layer.

DETAILED DESCRIPTION

The following embodiments are exemplary. Although the
specification may refer to “an”, “one”, or “some” embodi-
ment(s) 1n several locations, this does not necessarily mean
that each such reference 1s to the same embodiment(s), or
that the feature only applies to a single embodiment. Single
teatures of different embodiments may also be combined to
provide other embodiments. Furthermore, words “compris-
ing” and “including” should be understood as not limiting
the described embodiments to consist of only those features
that have been mentioned and such embodiments may
contain also features/structures that have not been specifi-

cally mentioned.
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With reference to an embodiment shown 1n FIG. 1, let us
consider an embodiment of an apparel to which embodi-
ments of the invention may be applied. A user-specific sports
or activity performance monitor system may comprise a
measuring device which may be mounted to said apparel,
¢.g. a strap 10. The strap 10 may be placed around the chest
of a user. It should be noted that the apparel may alterna-
tively be a garment, such as a shirt, a top, a bra, a wristband
or trousers. In an embodiment, the garment 1s a glove, sock,
a shirt arm, or a trouser leg. The measuring device may
comprise one or more skin electrodes used to receive a
physiological signal from the user’s skin, and an electronic
circuit may be used to process and measure the physiologi-
cal signal. The electronic circuit may be installed to a casing
16 which may be fixed or detachably attached to the strap 10
through instant connectors 12, 14, such as press stud con-
nectors. The measuring device may also comprise a wireless
transmitter circuitry in the casing 16. Then, the measuring
device may realize a wireless heart rate transmaitter. A signal
associated with a signal measured by the electrodes of the
measuring device may be wirelessly transmitted from the
wireless transmitter circuitry to a receiver, which may be
implemented as a PC, laptop, wristband worn on the wrist of
the user or as another portable receiver, €.g. a mobile phone.
The transmitted signal may carry, for nstance, electrocar-
diography (ECG) iformation. The location of the receiver
1s not restricted to the wrist but may be chosen freely,
provided that the wireless communication between the belt
and the receiver 1s possible and the user 1s capable of
operating the receiver. Instead of what 1s presented 1n FIG.
1, the measuring device provided in the strap alone may act
as a user-specific monitor system which may be a portable
heart rate monitor.

In an embodiment, the measuring device may be config-
ured to measure, for instance, a physiological signal such as
an electromyogram (EMG) from the user’s body.

Let us now consider the structure of the apparel 1n greater
detail with reference to an embodiment illustrated in FIGS.
2 and 3. FIGS. 2 and 3 illustrate diflerent explosion views of
the components of the apparel, wherein FIG. 2 1s a side view,
and FIG. 3 1s a perspective view. Reterring to FIGS. 2 and
3, the apparel comprises a base layer 20. The base layer 20
may form the base of the apparel, and the base layer 20 may
comprise textile that forms the apparel, e.g. the strap 10 or
the garment. The base layer may comprise woven or knitted
textile with elastic components, such as rubber and/or ther-
moplastic.

The apparel may further comprise an electrode layer
comprising one or more electrodes 24, 26 disposed to
contact the user’s skin either directly or indirectly and to
convey electric signals detected from the user’s skin to the
measuring device connected to the connectors 12, 14. The
connectors 12, 14 may be disposed to penetrate the base
layer 20 and any layer between the base layer 20 and the
clectrode layer to provide a galvanic connection between the
clectrode layer and the measuring device disposed on oppo-
site sides of the base layer 20. In the embodiment shown 1n
FIGS. 2 and 3, the connectors 12, 14 penetrate also the
clectrode layer, e¢.g. each electrode 24, 26. A body 1nsulation
layer 22 may be provided as an intermediate layer between
the base layer 20 and the electrode layer. The body 1nsulation
layer 22 functions as an electric msulation layer isulating
the electrode layer from the base layer 20. The electrode
layer may be made at partially of a conductive matenal, e.g.
conductive silicone.

The number of electrodes 24, 26 may be one, but in some
embodiments more than one electrode layer 1s used. The
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definition of the electrode layer should be interpreted
broadly to cover an electrode layer comprising a plurality of
skin electrodes which may be electrically 1solated from each
other. As a consequence, the electrode layer may comprise
a plurality of electrodes 24, 26 separated from each other.
One of the skin electrodes may be coupled to a ground, and
a physiological signal delivered by at least one other skin
clectrode may be amplified and measured with respect to the
ground. Alternatively, a difference signal detected between
the skin electrodes may be amplified and measured with
respect to the ground. The ground level may be defined by

a skin or a user’s body part, such as chest or arm.
When the number of electrodes 24, 26 1s higher than one,

the electrodes 24, 26 may be electrically 1solated from each
other. The electrical 1solation from a surface contacting the
user’s skin may be achieved by providing an insulation layer
28 such that the electrodes 24, 26 are at least partially
disposed between the 1solation layer 28 and the base layer
20. The 1solation layer 28 reduces a short circuit between the
clectrodes 24, 26 through the user’s skin. The insulation
layer 28 comprises insulating material, such as thermoplas-
tic material, to carry out the 1solation. In case the number of
clectrodes 24, 26 1s higher than two, the 1msulation layer 28
may 1n some embodiments comprise a plurality of separate
insulating portions to isulate the different electrodes 24, 26
from each other.

According to an embodiment of the present invention, the
apparel further comprises a flocked fibre layer comprising
conductive flocked fibre particles arranged on the at least
one ¢lectrode layer through a flocking process. Flocking 1s
a process for depositing small fibre particles called flock
onto a surface. In the flocking process, fine fibre particles are
attached onto a surface coated with adhesive, e.g. glue. The
attaching may be carried out applying a high-voltage electric
fiecld with which the fibre particles are “shot” onto the
adhesive surface. Other flocking techniques comprise spray-
ing using pressured air, reservoir or spray gun. The fibre
particles may be given a negative charge while the adhesive
surface 1s earthed. The fibre particles fly onto the adhesive
surface attaching to the adhesive. A number of different
surfaces can be flocked e.g. textiles, fabric, woven fabric,
paper, and plastic.

The tlock 1s also used to refer to a texture produced by the
process or to any material forming the flocked surface. In an
embodiment, the fibre particles of the tlock comprise natural
and/or synthetic fibres. In an embodiment, the flock com-
prises electrically conductive fibre particles, e.g. electrically
conductive polymers. The flock may comprise milled tlock
where the flock 1s produced from textile waste material. The
flock may comprise cut flock where the tlock 1s produced
from first quality filament synthetic materials. Generally, the
flocked surface 1s flufly and velvety which makes it adapt
better to the forms of the human body and body motion
during an exercise. As a consequence, the flocked surface
improves the skin contact of the electrodes. Furthermore, the
maternal of the flocked fibre layer may be moisture-absorb-
ing material which absorbs 1onmised moisture from the human
body or from other sources, thereby further improving the
skin contact.

In an embodiment, the conductive fiber particles comprise
a substrate component and a doping component. In an
embodiment the substrate component comprises electrically
insulating material, such as polyester, polyamide or thermo-
plastic polyurethane (TPU).

In an embodiment, the doping component comprises
copper salts.
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In an embodiment, the doping component comprises
carbon black.

In an embodiment, the doping component comprises
metallic powder.

In an embodiment, the doping component comprises
intrinsically conducting polymer particles.

In an embodiment, the doping component comprises
carbon nanotubes.

In an embodiment, the conductive fibre particles comprise
intrinsically conductive polymers.

In an embodiment, an intrinsically conductive polymer
comprises polyaniline (PANI).

In an embodiment, an intrinsically conductive polymer
comprises polyphenylene vinylene (PPV).

In an embodiment, an intrinsically conductive polymer
comprises polyphenylene sulphine (PPS).

In an embodiment an intrinsically conductive polymer
comprises polyacetylene (PAC).

In an embodiment, an intrinsically conductive polymer
comprises PolyPoly (3.,4-ethylenedioxythiophene) (PE-
DOT).

In an embodiment, an intrinsically conductive polymer
comprises polypyrrole (PPY).

In an embodiment, an intrinsically conductive polymer
comprises Polythiophene (PTani).

In an embodiment, the intrinsically conductive polymers
form the conductive fiber as such.

In an embodiment, the intrinsically conductive polymers
are used as doping component with a substrate material.

In an embodiment, the conductive fibre particles comprise

metal.
In an embodiment, the metal fibre comprises steel :
In an embodiment, the metal fibre comprises silver fibres.
In an embodiment, the metal fibre comprises gold fibres.
In an embodiment, the metal fibre comprises copper
fibres.

In an embodiment of the invention, a metal fibre 1s an
additive to a substrate material such as polyester or poly-
amide. FIGS. 4 and 5 illustrate embodiments for a layer
structure of the apparel. It should be noted that FIGS. 4 and
5 1llustrate only a part of the apparel. In particular, FIGS. 4
and 5 show only a layered structure in a location of an
clectrode 24, 26 comprised in the apparel. FIGS. 4 and 5
concentrate on the electrode layer and the flocked fibre layer
denoted by numeral 42. It should be appreciated that the
apparel may comprise other layers as well, e.g. the base
layer 20 and one or more mtermediate layers. Referring to
the embodiment of FIG. 4, the electrode layer may comprise
an electrode substrate layer 40 made of conductive matenal.
In an embodiment, the whole electrode substrate layer 40
may be completely made of the conductive material. The
conductive material may be conductive plastic or conductive
textile, for example. The flocked fibre layer 42 comprising
conductive fibre particles may be attached to the electrode
substrate layer 40 through the flocking process to realize the
flocked surface for the apparel and an electrically conductive
path through the flocked fibre layer 42 to the electrode
substrate layer 40. The electrode substrate layer 40 may then
provide the electric path to the measuring device.

In the embodiment of FIG. 5, the electrode layer com-
prises a non-conductive electrode substrate layer 50 which
functions as a base of the electrode layer. The electrode
substrate layer 50 may serve as the body insulation layer 22.
In some embodiments, the electrode substrate layer may
however, be conductive at least to some degree and, then, a
separate body insulation layer 22 may be used. A conductive
layer 52 may then be attached to the electrode substrate layer

DI'CS.

apRiepRiep




US 9,504,396 B2

S

50 to provide the electrically conductive path to the mea-
suring device. The conductive layer 52 may be made of
conductive silicone, for example, as shown 1n FIG. 5. Then,
the tlocked fibre layer 54 may be attached to the conductive
layer 52 through the flocking process.

In both embodiments of FIGS. 4 and 5, the apparel
comprises a plurality of different electrically conductive
layers or electrode structures: the conductive flocked fibre
layer 42, 54 and another conductive layer, e.g. the electrode
substrate layer 40 or the conductive silicone layer 52.

FIG. 6 illustrate another view of the layered structure of
the apparel. An adhesive layer 60 may be disposed on the
clectrode layer, and the conductive tlock particles may be
shot into the adhesive by applying a potential difference
between the conductive flock particles and the electrode
layer, thus realizing the fluily surface shown in FIG. 6 by the
vertical lining.

FIGS. 7 to 10 1illustrate different embodiments related to
the flocked fibre layer 42, 54. In the embodiment of FIG. 7,
the flocked fibre layer 42, 54 covers the electrode layer
completely. The flocked ﬁbre layer 42, 54 may also extend
to cover the apparel 1n other areas where the electrode layer
1s not provided.

In the embodiments of FIGS. 8 to 10, the flocked fibre
layer 42, 34 covers the electrode layer partially, thus leaving
other parts of the electrode layer exposed (visible). In some
embodiments, the other parts of the electrode layer may be
covered by another coating, e.g. the insulation layer 28. In
some embodiments, the flocked fibre layer 42, 54 covers at
least half of the surface area of the electrode layer.

In the embodiment of FIG. 8, the flocked fibre layer 42,
54 1s realized by separated areas of the flocking material
disposed on the electrode layer. The number of such areas
and their respective sizes may selected as desired, e.g. to
form a desired pattern.

In the embodiment of FIG. 9, the flocked fibre layer 42,
54 1s provided as a uniform layer on the electrode layer. In
this embodiment, the flocked fibre layer 42, 54 1s provided
in the middle of the electrode layer, thus leaving at least
some of the edges of the electrode layer exposed. In the
embodiment of FIG. 10, the edges of the electrode layer are
covered by the flocked fibre layer, thus leaving the centre of
the electrode layer exposed.

The flocked fibre layer 42, 54 functions as a conductive
coating provided on the electrode layer and, thus, provides
a comiortable skin contact as well as an improved electrical
contact between the skin and the electrode layer. It should be
appreciated that the flocked fibre layer 42, 54 may be
arranged to provide arbitrary shapes on the electrode layer.
The thickness of the flocked fibre layer may be adjusted by
appropriate selection of the flocking matenial. Coarse fibre
particles provide fluthier surface, while smaller fibre par-
ticles provide a smoother surface. The soft flocked surface
teels comiortable for the user, and 1t also adapts well to the
motion of the apparel with respect to the user’s skin, e.g.
during an exercise, thus improving the electric contact, as
described above. It will be obvious to a person skilled 1n the
art that, as technology advances, the imnventive concept can
be mmplemented in various ways. The nvention and its
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embodiments are not limited to the examples described
above but may vary within the scope of the claims.

What 1s claimed 1s:

1. An apparel comprising:

a base layer;

a plurality of different electrically conductive layers com-

prising:

at least one electrode layer arranged on the base layer

cither directly or through at least one intermediate
layer, the at least one electrode layer being made at
least partly of a conductive matenal;

an adhesive layer arranged on the at least one electrode

layer; and

a flocked fibre layer comprising conductive fibre particles

arranged on the adhesive layer through flocking,
wherein the conductive fibre particles of the flocked
fibre layer comprise a substrate component of electri-
cally insulating material and a doping component,
wherein the doping component comprises metal fibres,
carbon nanotubes, or at least one of the following types
of 1ntrinsically conducting polymer particles: polyphe-
nylene vinylene, polyphenylene sulphine, polyacety-
lene, poly(3,4-ethylenedioxythiophene), polypyrrole,
polythiophene; and

an 1solation layer comprising insulating material, wherein

the plurality of different electrically conductive layers
1s at least partially disposed between the 1solation layer
and the base layer.

2. The apparel of claim 1, wherein the flocked fibre layer
has a flufly surface of said conductive fibre particles.

3. The apparel of claim 1, wherein the flocked fibre layer
covers the at least one electrode layer completely.

4. The apparel of claim 1, wherein the flocked fibre layer
covers the at least one electrode layer only partially.

5. The apparel of claim 1, wherein a surface of the
clectrode layer that contacts with the flocked fibre layer
comprises conductive material and 1s a conductive surface.

6. The apparel of claim 5, wherein the electrode layer
further comprises a non-conductive electrode substrate
layer, and wherein the conductive surface of the electrode
layer 1s between the electrode substrate layer and the flocked
fibre layer.

7. The apparel of claim 5, wherein the conductive surface
comprises conductive silicone.

8. The apparel of claim 1, wherein the base layer com-
prises a textile layer.

9. The apparel of claim 8, wherein the apparel 1s a
garment.

10. The apparel of claim 8, wherein the apparel 1s a strap.

11. The apparel of claim 1, further wherein the doping
component comprises intrinsically conductive polymer par-
ticles.

12. The apparel of claim 1, wherein the flocked fibre layer
1s moisture absorbing.

13. The apparel of claim 1, wherein the flocked fibre layer
extends to cover the apparel 1n an area where the electrode
layer 1s not provided.
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DATED - November 29, 2016

INVENTORC(S) . Seppo Korkala and Kaisa Lamsa

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 3, Line 35:
Now reads: “may be carried out applying”
Should read: --may be carried out by applying--

Column 5, Line 34:
Now reads: “may selected as desired™
Should read: --may be selected as desired--
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